A ging is associated with the dysregulation of immune response, which is believed to contribute to the higher morbidity and mortality from infectious and neoplastic diseases. Among the immune cells, T cells are the most vulnerable to age-associated functional dysregulation as demonstrated by decreased T cell proliferation and IL-2 production, delayed type hypersensitivity, and T cell-dependent Ab responses (1) . Although several investigators have conducted studies to determine the underlying mechanisms of age-related defects in T cell function including those in early signal transduction events, it has been difficult to construct a comprehensive picture of molecular changes that lead to functional dysregulation of T cells. This is mainly due to the fact that activation of T cells involves simultaneous up-or down-regulation of numerous signaling pathways with complex interactions. Thus far, only a limited number of studies have investigated the age-associated changes in the gene expression profile of immune cells (2, 
3). Mo et al. (2) stimulated purified CD4
ϩ T cells from young and old mice with anti-CD3 and anti-CD28 for 72 h and determined their gene expression profiles. They found significantly higher expression of CCR2, CCR5, and CXCR5 and lower expression of CCR7 in unstimulated CD4 ϩ T cells from old compared with those from young animals. Visala Rao et al. (3) examined the response of lymphocytes purified from young or old individuals to heat shock (1 h at 42°C), and reported that genes associated with signal transduction and mitochondrial respiration were up-regulated and genes associated with heat shock response and cell survival were down-regulated in lymphocytes from old individuals after heat shock treatment.
Vitamin E has been shown to enhance T cell-mediated functions in aged animals and humans. Vitamin E supplementation in animal and human subjects resulted in increased lymphocyte proliferation, IL-2 production, and decreased production of the immunosuppressive factor PGE 2 (4, 5) . Furthermore, vitamin E supplementation was shown to reduce the risk of acquiring upper respiratory infection in the elderly (6) and influenza infection in old mice (7) . Vitamin E exerts its effect on immune function in part by reducing macrophage PGE 2 production (4). However, recent studies indicated a direct effect of vitamin E on T cells independent of its effect on macrophages (8, 9) . This immunoenhancing effect of vitamin E on T cells was shown to be mediated through increasing the ability of T cells from old mice to progress through cell division cycles and to produce IL-2 (9) . However, further studies are needed to elucidate the mechanisms by which vitamin E specifically enhances T cell function in the aged.
In this study, we investigated the gene expression profiles of T cells from young and old mice to address which genes or group of genes in resting and activated T cells are affected by aging and vitamin E supplementation. We have identified several groups of genes, which are influenced by aging and which could explain the lower ability of T cells to proliferate and their increased susceptibility to apoptosis. We also report that vitamin E supplementation significantly alters expression of genes associated with the cell cycle and the Th1/Th2 balance.
Materials and Methods

Animals and diets
Young (4 mo) and old (24 mo) male C57BL/6NIA mice were purchased from Harlan Teklad and kept at the animal care facility of Jean Mayer Human Nutrition Research Center on Aging (HNRCA) at Tufts University for at least 7 days before they were randomly assigned to the experimental diets. Animals were fed modified AIN-93 diet containing 5% fat (vitamin E-stripped soybean oil; Harland Teklad), and 30 ppm or 500 ppm of vitamin E (dl-␣-tocopherol acetate; Harland Teklad) for 4 wk. Four animals per each group (total of four groups) were used. The vitamin E levels were selected based on our previous studies in which 500 ppm vitamin E was shown to significantly improve T cell-mediated function in old mice (4, 7) . In addition, this is the level of vitamin E that results in similar fold increases (2-to 2.7-fold) in blood ␣-tocopherol levels of mice compared with those observed in humans following consumption of 200 -800 mg/day for a short period of time (4, 10, 11) . All animal procedures were approved by the HNRCA Animal Care and Use Committee. Mice were euthanized by CO 2 gas asphyxiation, and spleens were processed to a single-cell suspension that was used to prepare purified T cells.
Cells and culture conditions
T cells were purified from spleen cells by negative selection using a mixture of mAbs conjugated to immunomagnetic beads (anti-Mac-1, anti-MHC class II, and anti-CD49b; Miltenyi Biotec). This negative selection method using immunomagnetic beads was shown to result in Ն94% of the enriched cell population expressing CD3 and Ͻ1% of cells staining positive for macrophages or B cells (9) . Purified T cells (1 ϫ 10 7 cells/sample) from the same animal were cultured with medium (unstimulated sample) or with 5 g/ml plate-bound anti-CD3 mAb (hamster anti-mouse, clone 145-2C11; BD Pharmingen) and 2 g/ml soluble anti-CD28 mAb (hamster anti-mouse, clone 37.51; BD Pharmingen) (stimulated sample) for 2 h.
RNA preparation and microarray analysis
Cells were collected after 2 h of culture and washed with PBS. T cell pellets were lysed in RNA lysis buffer (Qiagen). RNA was isolated using a RNeasy mini kit (Qiagen) according to the manufacturer's instructions. Five micrograms of total RNA was converted to double-stranded cDNA using SuperScript Choice System (Invitrogen Life Technologies) with an oligo(dT) primer containing a T7 RNA polymerase promoter (Genset). After second-strand synthesis, the reaction mixture was extracted with phenol-chloroform-isoamyl alcohol, and double-stranded cDNA was recovered by ethanol precipitation. Biotin-labeled cRNA was synthesized from double-stranded-cDNA using a BioArray High Yield RNA Transcript Labeling Kit (Enzo Diagnostics) according to the manufacturer's instructions. Biotin-labeled cRNA was fragmented to 35-200 bases and hybridized to Affymetrix Murine Genome U74Av2 microarray chips for 16 h at 45°C. Chips were stained with streptavidin-PE (Molecular Probes) and scanned with a Gene Array Scanner (Agilent Technologies).
Statistical analysis
Statistical analysis of gene expression was performed using SAS (SAS Institute). Effects of age and vitamin E on gene expressions in unstimulated and stimulated T cells were determined by ANOVA on expression intensities of genes followed by Tukey's post hoc test. Effect of stimulation was tested using paired Student's t test on each pair of unstimulated and stimulated T cells from the same animal (four pairs per group). Differences in response to stimulation between groups were tested using ANOVA, followed by Tukey's post hoc test on differences in expression intensities between stimulated and unstimulated cells. Significance was set at p Ͻ 0.05. Fold changes were calculated after normalization using Affymetrix Microarray Suite 5.0. Genes showing fold changes Ͼ2 and p values Ͻ0.05, and with at least one present call were selected.
Results
Overview of gene expression patterns: effects of age and vitamin E
Of the 12,422 probe sets on the microarray chip, 6,099 (49.1%) and 5,845 (47.1%) probe sets were expressed in unstimulated and stimulated T cells from the old control group; 6,245 (50.3%) and 5,977 (48.1%) probe sets were expressed in unstimulated and stimulated T cells from the old vitamin E group; 5,961 (48.0%) and 5,991 (48.2%) probe sets were expressed in unstimulated and stimulated T cells from the young control group; and 6,322 (50.9%) and 5,997 (48.3%) probe sets were expressed in unstimulated and stimulated T cells from the young vitamin E group. Neither the age of the animals nor the diets fed had a significant effect on the number of genes expressed. The numbers of genes that were significantly affected by age or vitamin E are shown in Table I , and the data suggest that vitamin E has a more pronounced effect on gene expression in old T cells compared with young T cells.
Overview of gene expression patterns: effect of stimulation
Stimulation of T cells did not significantly increase the total number of genes expressed. Upon stimulation of T cells with anti-CD3 and anti-CD28, 103 genes were up-regulated in at least one of the four groups (Old Control, Old Vitamin E, Young Control, and Young Vitamin E), and 16 genes were down-regulated in at least one of the groups. Genes that showed significant up-regulation upon stimulation were cytokine or chemokine genes, genes associated with regulation of transcription, and those involved in signal transduction, cell cycle, and apoptosis. Selected list of genes that showed significant changes in expression levels with stimulation are shown in Table II .
Many genes that are known to be the targets of NFAT were up-regulated upon stimulation including IL-2, IFN-␥, GM-CSF, TNF-␣, MIP1-␣, IL-4, IL-13, and Egr2 (12). Significant up-regulation of AP-1 transcriptional complex, c-Fos and JunB, were also observed with stimulation.
Aging is associated with lower expression of TCR-associated genes
Several TCR-related genes were expressed at significantly lower levels in T cells from the old compared with those of young mice (Tables III and IV) . Expression of CD3␦ and TCR-␤ mRNA was significantly lower in both unstimulated and stimulated old T cells compared with the young T cells, and expression of CD3 was significantly lower in unstimulated old T cells compared with T cells from the young mice. Decreased expression of CD28 has been reported to contribute to the impairment of T cell activation in the old (13) . However, in this study, we did not observe a significant difference in expression of CD28 genes between young and old T cells. Expression of TCR-related genes including CD3 molecules did not change significantly following anti-CD3/CD28 stimulation. 
Aging is associated with decreased expression of genes associated with lymphocyte proliferation
T cells from old animals show decreased ability to proliferate following stimulation. This result has been attributed to the functional defects in the early stage of T cell activation such as defects in translocating signaling proteins to the cell membrane and forming an immunologic synapse, and translocation of NFAT (14) . We observed significantly higher activation-induced expression of SOCS3 (U88328) (FC 2.70 and 1.20 in old and young, respectively) and lower expression of growth factor independent 1 (Gfi-1; 4 U58972) (FC 2.11 and 4.74 in old and young, respectively) (Table II) . Gfi-1 is a transcriptional repressor that accelerates the S-phase entry of primary T cells in response to antigenic stimulation, and the SOCS3 gene contains multiple Gfi-1 binding 4 Abreviation used in this paper: Gfi1, growth factor independent 1. sites in its promoter region (15, 16) . Activation of T cell is associated with transient down-regulation of SOCS3 mediated by increased expression of Gfi-1. Overexpression of SOCS3 blocks anti-CD3/CD28-mediated proliferation (17) . Therefore, higher expression of SOCS3 may contribute to the observed decrease in T cell proliferation with aging; the higher expression of SOCS3 in the old T cells may be due to lower expression of Gfi-1. Increased expression of SOCS3 with aging has been reported in other tissues such as hypothalamus (18) .
Aging is associated with higher expression of apoptosis-related genes
The increase in the mRNA expression of antiapoptotic Bcl2 (L31532) was significantly smaller (FC 2.10 and 3.54 in old and young, respectively) and that of apoptotic and growth-suppressive Gadd45b (X54149) (19) was larger (FC 2.76 and 1.68 in old and young, respectively) in old T cells upon stimulation (Table II) . The expression of Fasl (U06948) in both unstimulated (1.98-fold higher in old compared with the young) and stimulated T cells (1.92-fold higher in the old compared with the young), and the expression of Prep (prolyl endopeptidase, AB022053) in stimulated T cells were significantly higher in old T cells compared with young T cells (2.41-fold higher) (Tables III and IV) . Recently, higher expression of Prep in T cells has been suggested to be associated with higher susceptibility to activation-induced cell death (20) . Upon stimulation, T cells from the old control group showed the highest increase in expression of Egr2 (FC 34.09 in old control, 19.66 in old vitamin E, 20.11 in young control, and 16.01 in young vitamin E), which has been shown to induce transcription of Fasl (21) .
Aging is associated with higher expression of Ig-associated genes
Stimulation by anti-CD3 and anti-CD28 did not increase the expression of Ig-related genes. However, both unstimulated and simulated T cells from old mice expressed significantly higher levels of many Ig-related genes compared with those from young mice. Expression of anti-DNA Ig genes such as anti-DNA IgM L chain, anti-DNA IgG L chain, and anti-DNA Ig -chain were elevated in T cells from the old mice.
In vivo vitamin E supplementation increased expression of cell cycle-related genes
In our previous study, vitamin E was shown to improve the ability of naive T cells from the old mice, but not young, to progress though the cell cycle as determined by FACS analysis of CFSElabeled cells at 48 h after anti-CD3 and anti-CD28-mediated stimulation (9). The gene expression patterns from this study indicate that vitamin E has a significant effect on expression of genes associated with the cell cycle (Tables V and VI) . Expression of many genes involved in the cell cycle were significantly affected by vitamin E in both unstimulated and stimulated T cells from old mice including Ccnb2 (X66032), Cdc2 or Cdk1(M38724), Cdc6 (AJ223087), and Aurka (U80932) ( Table V) . Vitamin E did not have a significant effect on these cell cycle-related genes in young T cells. Ccnb2 and Cdc2 are important for entry of cells into the M-phase of the cell cycle, and Cdc6 is a key regulator in the early step of DNA replication (22, 23) .
Vitamin E supplementation affects transcription of genes associated with the Th1/Th2 balance
Aging has been reported to be associated with dysregulation of Th1/Th2 balance. In our previous studies (7, 9), we observed an increase in IL-2 production and an enhancement of Th1 response with vitamin E supplementation. In this study, we observed a significant increase in expression of IL-2 (87.04 FC in old vitamin E vs 31.66 FC in old control; 62.73FC in young vitamin E vs 23.04 FC in young control) and IL-1R antagonist (IL-1rn) (L32838, 4.48FC in old vitamin E vs 1.82 FC in old control; 2.13 FC in young vitamin E vs 0.39 FC in young control) genes, and a significant decrease in the expression of IL-4 genes (X03532, 18.29 FC in old vitamin E vs 68.52 FC in old control; 140.63 FC in young vitamin E vs 151.13 FC in young control) with vitamin E supplementation. ANOVA indicated a significant interaction between age and vitamin E on IL-4 mRNA expression, which indicates that vitamin E has a differential effect on IL-4 gene expression in young and old T cells. A significant effect of vitamin E on IL-4 gene was observed in T cells from the old, but not in those 
a Fold change is the average of fold difference in expression levels between four vitamin E and four control anti-CD3/CD28-stimulated T cells in young or old animals. ‫,ء‬ Indicates that expression level of gene is statistically different at p Ͻ 0.05 by Tukey's post hoc test between anti-CD3/CD28-stimulated T cells in control and vitamin E diet groups.
from the young mice. Recently, IL-1R antagonist has been shown to down-regulate IL-4 responses and enhance IFN-␥ responses (24) .
Discussion
We investigated the effect of aging and vitamin E on gene expression profiles of T cells to better understand the mechanisms involved in functional changes associated with aging and the mechanisms by which vitamin E modulates these defects. Results from this study confirmed previously reported changes in gene expression upon stimulation and with aging in T cells. We also observed age-and vitamin E-induced changes in several genes, which have not been previously reported, but might be of significant relevance to age-and vitamin E-induced changes in T cell functions. However, further studies are needed to determine whether the observed age-related changes are due to the effects of aging at a single-cell level or to the shifts in the ratios of naïve:memory T cells with aging.
Stimulation of T cells did not increase the number of genes expressed. Teague et al. (25) also reported that activation of T cells in vivo, by i.v. injection of the V␤8.x-specific superantigen, staphylococcal enterotoxin B, did not change the total number of genes expressed. Our results confirmed the anti-CD3/CD28-induced increase in expression of several genes reported by others (26) 
MIP-1b, GM-CSF, TNF-␣, IL-2, IL-4, and Egr2 exhibited the highest increase in their expression level (Ͼ30-fold increases).
Many of these genes are known targets of the NFAT transcription factor. Enrichment of NFAT target genes by CD28 costimulation has been reported by Diehn et al. (26) . NFAT has been reported to act synergistically with AP-1 to induce several genes such as IL-2 (12). Significant up-regulation of AP-1 transcriptional complex, c-Fos and JunB, were also observed with stimulation in this study.
We observed an age-related change in the expression pattern of several genes associated with apoptosis. Old T cells have been shown to be more susceptible to apoptosis (27, 28) . Several factors have been shown to be involved in higher susceptibility of old T cells to apoptosis including increased expression of Fas/ Fasl,TRADD (TNF receptor-associated death domain), FADD (Fas-associated death domain), and Bax, and decreased expression of Bcl2, TRAF-2, and TNF-RII (27) . An increased expression of Fas, Fasl, and Bax and a decreased expression of Bcl2 expression were observed with aging in human peripheral blood lymphocytes (28) , and an increased protein expression of p53, Bax, and caspase-3 with aging was reported in splenocytes from rats (29) . We observed significantly higher expression of apoptotic Fasl in both unstimulated and stimulated T cells from the old compared with that of the young. Higher expression of Prep was observed in the stimulated T cells from the old. Odaka et al. (20) recently reported that T cells expressing higher prolyl endopeptidase activity are more susceptible to activation-induced cell death. We observed less increase in expression of antiapoptotic Bcl2 in old T cells compared with the young following stimulation. Lower expression of Bcl2 in old T cells may be due to an age-associated increase in oxidative stress. Reactive oxygen species have been shown to control the expression of Bcl2, and treatment with synthetic antioxidants increased the expression of Bcl2 in activated T cells (21) . However, vitamin E did not increase the mRNA expression of Bcl2 in this study.
We also report here that the expression of Ig-related genes are significantly higher in T cells from the old mice. Many genes for Ig H and L chains were up-regulated in the old T cells. This may be due to higher exposure of the old T cells to antigenic challenge than young T cells. Anti-DNA Ab genes were also expressed at higher levels in the old T cells. A higher percentage of elderly humans are reported to have elevated serum levels of autoantibodies. However, it is not certain whether this increase in autoantibodies with aging puts the aged at higher risk of autoimmune diseases or is an indication of subclinical autoimmune disease status (30) . Vitamin E supplementation did not have a significant effect on expression of Ig genes or that of anti-DNA Abs. Similarly, we did not find a significant effect of vitamin E on serum Ig levels or anti-DNA Ab levels in elderly humans (31) .
In addition, we have identified several significant, previously unreported, differences in the pattern of gene expression between young and old T cells, which could help explain the phenotypic changes observed with aging. Lower proliferative response of T cells is a common functional change observed with aging. Several different mechanisms have been suggested to be responsible for lower proliferative response of T cells such as decreased expression of CD28 (13, 32) , decreased ability to form effective synapses at the site of T cell and APC ligation (14) , and defects in signaling pathways (33) . In this study, we report for the first time that old T cells express significantly higher levels of the negative feedback regulator SOCS3 following stimulation compared with young T cells. SOCS3 is a member of the SOCS family of intracellular cytokine-inducible negative feedback regulators, which has been shown to play an important role in Th cell activation. Increases in proliferative responses and IL-2 production are associated with the inhibition of SOCS3 expression. Furthermore, overexpression of SOCS3 blocks anti-CD3/CD28-mediated proliferation (17) . In this study, stimulation with anti-CD3/CD28 resulted in an average of 2.70-fold increase in SOCS3 in old T cells compared with a nonsignificant 1.20-fold change in young T cells. We also report a significant age difference in the fold change observed in Gfi-1 expression levels following stimulation (2.10-fold change and 4.74-fold change following stimulation in old and young mice, respectively). Gfi-1 is a transcriptional repressor, and the SOCS3 gene contains multiple Gfi-1 binding sites in its promoter (16) . Thus, Gfi-1 is one of the key mediators responsible for the downregulation of SOCS3 during T cell activation. Down-regulation of SOCS3 has been shown to correlate with up-regulation of Gfi-1 (17) . Less increase in activation-induced Gfi-1 expression in old T cells compared with that of young might result in higher expression of SOCS3, which could contribute to lower proliferative response of old T cells. Higher expression of SOCS3 with aging in rat hypothalamus has been reported (18) . Higher expression of SOCS3 with aging in T cells might also have implications for other age-associated defects in T cell function such as the shift in Th1/ Th2 balance, because high SOCS3 expression has been reported to skew helper T cell differentiation toward Th2 cells and inhibit IL-12-mediated STAT4 activation in T cells (34) . Vitamin E supplementation, however, did not have a significant effect on the expression levels of SOCS3 and Gfi-1. Therefore, regulation of SOCS3 expression does not appear to be the mechanism through which vitamin E supplementation enhances proliferative response of old T cells.
Several TCR-related genes were expressed at a lower level in T cells from the old compared with those of young mice. Expression of CD3␦ and TCR-␤ was significantly lower in both unstimulated and stimulated old T cells compared with those of young T cells, and the expression of CD3 was significantly lower in unstimulated old T cells compared with that of young mice. The first step in T cell activation is the engagement of an APC with the TCR-CD3 complex. CD3 is important in mediating signal transduction by coupling TCR with intracellular signaling molecules for ultimate activation and proliferation of T cells. However, age-related changes in CD3 expression have not been conclusive. Wakikawa et al. (35) reported a faster re-expression of TCR␣␤ and CD3 after mitogenic stimulation in T cells from young than those from old mice. In contrast, Fulop et al. (36) showed that expression of CD3 in T cells, determined by mean fluorescence intensities, did not differ between T cells from young and old humans. Decreased expression of CD28 was also reported to contribute to the impairment of T cell activation in the old (13) . In this study, we did not observe a significant difference in the expression of the CD28 gene between young and old T cells. Xu et al. (37) also reported that CD28 expression was not significantly influenced by age. Thus, further studies are needed to determine the role of TCR and associated genes in age-related defects of T cells.
Activation of T cells in vitro did not result in a significant change in the expression of TCR-related genes including CD3 molecules. In agreement with our findings, expression of the CD3 gene was reported to be unaffected in T cells activated in vivo (25) .
One of the most significant effects of vitamin E on T cell gene expression was observed in expression of genes associated with the cell cycle. Impairment of cell cycle progression has been suggested to be partially responsible for the decline of T cell proliferation with aging. Quadri et al. (22) attributed the dysregulation of cell cycle with aging in human T lymphocytes to the lower Cdk1 activity and lower protein level of Ccnb1 and Cdk1/Ccnb1 complex compared with those of young. A decline in the mRNA and protein levels of Ccnd2 at 32-36 h after stimulation with anti-CD3 and anti-CD28 has also been proposed to be responsible for decreased proliferative response in aged CD4 ϩ T cells from mice (38) . In this study, we did not observe a significant age-related difference in expression levels of these cell cycle-related genes. Vitamin E, however, increased the expression of cell cycle-related molecules in old T cells, but not young T cells. Expression of Ccnb2, Cdc2 (Cdk1), and Cdc6 were significantly higher (3-to 4-fold higher) in T cells from the vitamin E-supplemented old compared with those of the control group. Many cell cycle regulatory proteins seem to be sensitive to vitamin E status. Fischer et al. (39) reported a significant down-regulation of G 1 /S-specific Ccnd1 in rat liver by selenium and vitamin E deficiency, which was restored by vitamin E supplementation. Increased expression of Ccnb2, Cdc2, and Cdc6 with vitamin E in old T cells may provide the mechanism for our previous observation that vitamin E increased the ability of naive T cells from the old mice, but not the young mice, to progress through cell cycle divisions (9) . Cyclin B and Cdc2 are important for entry of cells into the M phase of the cell cycle. Cdc6 is a key regulator in the early step of DNA replication, and reduction of Ccd6 is associated with the loss of proliferative capacity (23) .
Previously, we observed that vitamin E supplementation enhances the Th1 response in old animals challenged with influenza infection, by increasing the production of IFN-␥ and IL-2 (7). Modulation of the Th1/Th2 response by vitamin E has been reported by others as well (40) . The results from this study indicated that vitamin E supplementation had significant effects on several genes associated with regulation of Th1/Th2 response. A larger increase in expression levels of the IL-1R antagonist and IL-2 following anti-CD3/anti-CD28 stimulation was observed in T cells from young and old animals fed the vitamin E diet compared with those from old mice fed the control diet. Expression levels of IL-4, a major Th2 effector cytokine and a key promoter of Th2 development, increased less following stimulation in old T cells from the vitamin E group compared with those from the old control group. The IL-1R antagonist has been reported to down-regulate IL-4 response while enhancing IFN-␥ response in vivo (24) . Th1: Th2 ratio, as indicated by ratio of expression levels of IFN-␥ and IL-4 in stimulated T cells, were 2.1 for the old control group and 9.4 for the old vitamin E group. This vitamin E-induced difference in the Th1:Th2 gene expression ratio in old T cells is mainly driven by a difference in the expression of IL-4 genes, because there was no statistically significant difference between the old control group and the old vitamin E group in their expression levels of IFN-␥ in stimulated T cells.
In this study, we evaluated the effect of age and vitamin E on CD3 ϩ T cells. Changes in the percentage of naive and memory T cells have been reported consistently (1, 41) . Thus, it is not clear whether the observed age-induced changes in the gene expression profile of T cells simply reflect a shift in the proportion of naive and memory T cells and the difference in gene expression profiles of naive and memory T cells, or whether these are due to specific changes in either naive or memory T cells or both. Future studies are needed to determine these. Vitamin E, however, did not change the percentage of naive or memory T cells, and its effect was specific to IL-2 production and cell cycle division of naive cells and not memory T cells (9) . Thus, the vitamin E-induced gene expression changes are likely mediated through its effect on naive T cells.
In conclusion, we have identified several groups of genes that are differentially expressed with aging, and which could contribute to the functional changes observed with aging such as lower ability of T cells to proliferate and their increased susceptibility to apoptosis. Furthermore, we report that vitamin E supplementation significantly alters expression of genes associated with the cell cycle and the Th1/Th2 balance, which could contribute to the improved T cell proliferation and increase in Th1:Th2 ratios observed in old mice supplemented with vitamin E.
